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nutrients are brought to the surface, intense biological activity
occurs.

3.2.5  Deep Decomposition of Organic Matter

Below the euphotic zone reaction (1) proceeds in the reverse direction.
Oxygen is consumed, and carbon dioxide and the nutrient elements are
released to the dissolved state. The rate of this reverse reaction is
quite variable. It is generally found to decrease quasi-exponentially
with depth, with oxygen consumption rates ranging from about 0.5 ml of
02/L/Yr at shallow depths to less than 0.01 ml of O2/L/yr in the abyss
(Jenkins, 1980). Carbon dioxide is released in proportion to this. The
result is that the ocean water column is characterized everywhere by an
oxygen minimum below the euphotic zone, where decomposition is rapid and
the water column is poorly ventilated.

Combining these processes with the scheme of the deep circulation
given earlier, we see a progressive change in the chemistry of the deep
water during its 500-year deep ocean tour. In traveling from the North
Atlantic to the Antarctic to the North Pacific, the water becomes sys-
tematically depleted in oxygen and enriched in CC>2 and the nutrients.
The GEOSECS series of atlases beautifully reveal these trends as the
rain of material from above inexorably shifts the oceanic C(>2 chemistry.

3.2.6  Calcium Carbonate

The increase in deep ocean C02 due to oxidation of organic matter
lowers the pH of seawater, increasing its corrosiveness to calcium
carbonate. Surface seawater is supersaturated with respect to calcium
carbonate, which is secreted by many marine organisms to form their
shells. These rain down through the ocean to form calcareous sediments.
Calcium carbonate solubility increases with increasing pressure and
decreasing temperature, and at some point a horizon occurs below which
calcium carbonate dissolves. In the North Atlantic Ocean this horizon
occurs at great depth, approximately 5000 m. Progressing along the
path of the deep circulation, oxygen and pH are lowered with increasing
C02 levels, and progressively more calcium carbonate is dissolved.
The dissolution horizon shoals markedly along this trajectory. The
calcium carbonate thus dissolved from the sediments raises the C02
concentration of the deep water further and increases the alkalinity.
Of the increase in C02 experienced by deep ocean waters, some 70% is
attributable to decomposition of organic matter and 30% to the dis-
solution of calcium carbonate.

Baes (1982) has carefully reviewed this topic. Takahashi et al.
(1981) have compiled the result of the GEOSECS expedition to illustrate
the progressive change in these properties. In Figure 3.1 is shown the
depth distribution of C02 in seawater for the various ocean basins
from the North Atlantic to the North Pacific. In Figure 3.2, the
equivalent change in alkalinity is shown.

With this background in mind we now examine some details of the
chemistry of seawater.